The ligands were synthesized according to literature procedure.
100 mL 0.1 M HCl twice. The organic layer was collected, neutralized with a saturated NaHCO 3 solution, and washed with water three times. Following extraction, the organic layer was dried over Na 2 SO 4 and concentrated at reduced pressure. The crude product was purified by column chromatography over silica gel using hexane/ethyl acetate (1:1, v/v) as the eluent. Solvent was removed in vacuum to obtain the mesylated compound as light yellow oil (yield: 15 g, 92%). 1 H NMR (400 MHz, CDCl 3 , TMS) of intermediate msylation product: δ 7.48-7.40 (m, 6H, HAr-), 7.34-7.27 (m, 6H, HAr-), 7.26-7.19 (m, 3H, HAr-), 4.24 (t, J = 6.8Hz, 2H, -CH2SO 3 CH 3 ), 3.01 (s, 3H, -SO 3 CH 3 ), 2.16 (t, J = 7.6Hz, -SCH 2 -), 1.76 (p, J = 6.8Hz, 2H, -CH2CH2SO 3 CH 3 ), 1.41 (p, J = 7.2Hz, 4H, -SCH2CH 2 -+ -SCH2CH 2 CH 2 -), 1.35-1.1 (m, 12H, -(CH 2 ) 6 CH 2 CH 2 SO 3 CH 3 ). To synthesize compound 3, NaOH (1.37 g, 34.3 mmol) solution (1 mL) was added to 99.24 mL of tetraethyleneglycol (TEG) (111.15 g, 57.22 mmol) and stirred for 2 hr at 80 °C. To this reaction mixture, 15 g of 11-(tritylthio)undecyl methanesulfonate was added and stirred for 48 hr at 100 °C. The product was extracted in hexane/ethyl acetate (4:1, v/v) six times. Then, the organic layer was concentrated at reduced pressure and the crude product was purified by column chromatography over silica gel using ethyl acetate as the eluent. The solvent was removed in vacuum to obtain compound 3 as light yellow oil (yield: 15.28 g, 68% 4 -OH), 3.46 (t, J = 6.8 Hz, 2H, -CH 2 -(OCH 2 CH 2 ) 4 -OH), 2.95 (br, s, 1H, -TEG-OH), 2.15 (t, J = 7.2Hz, -SCH 2 -), 1.59 (p, J = 7.2Hz, 2H, -
Compound 4: Triethylamine (3.26g, 4.49 mL, 32.2 mmol) was added to compound 3 (10 g, 16.1 mmol) in 100 mL dry DCM in an ice bath. Methanesulfonyl chloride (2.77 g, 1.87 mL, 24.1 mmol) was added dropwise to the reaction mixture in ice-bath. After 30 minutes the reaction mixture was warmed up to room temperature and stirred overnight. The reaction mixture was worked up and the organic layer was extracted. The extracted DCM layer was dried over Na 2 SO 4 and concentrated at reduced pressure. The crude product was purified by column chromatography over silica gel using ethyl acetate as the eluent. Solvent was removed in vacuum to obtain compound 4 as light yellow oil (yield 10.7 g, 95 % 3 -CH 2 CH 2 OSO 3 CH 3 ), 3.44 (t, J = 6.8Hz, 2H, CH 2 -CH 2 -(OCH 2 CH 2 ) 3 -), 3.07 (s, 3H, -OSO 3 CH 3 ), 2.12 (t, J = 7.2Hz, 2H, -SCH 2 -), 1.56 (p, J = 7.2Hz, 2H, -CH 2 CH 2 TEG-N(CH 3 ) 2 ), 1.38 (p, J=7.6Hz, 2H, -SCH2CH 2 -), 1.32-1.11 (m, 14H, -(CH 2 ) 7 CH 2 CH 2 TEGOSO 3 CH 3 ).
Compound 5:
Compound 4 (1.075 g, 1.53 mmol) was added to dimethylbenzylamine (0.62 g, 0.7 ml, 4.6 mmol) in 10 mL ethanol. The reaction mixture was stirred at 40 o C for 72 hr. After evaporating ethanol at reduced pressure, the light yellow residue was purified by successive washings with hexane (10 mL, 4 times) and hexane/diethylether (1:1 v/v, 10 mL, 6 times) and then dried in high vacuum. 
O-).
Compound 6: An excess of trifluoroacetic acid (TFA, 20 equivalents, 3.69 g, 2.5 mL, 32.4 mmol) was added to compound 5 (1.2 g, 1.62 mmol) in 10 mL dry DCM. The color of the solution turned yellow upon addition of TFA. Then, triisopropylsilane (TIPS, 3 equivalents, 0.77g, 1 mL, 4.86 mmol) was added to the reaction mixture. The reaction mixture was stirred for 12 hr under N 2 at room temperature. The solvent, most of TFA, and TIPS were evaporated under reduced pressure. The yellow residue was purified by repeated washing with hexane (10 mL, 4 times) and dried in high vacuum. The final product formation was quantitative and was confirmed by NMR spectroscopy. 
Synthesis of benzyl-ligand protected gold nanoparticle (AuNP-TBenz)
The gold salt was purchased from Strem Chemicals Inc. We followed two-step method for synthesizing AuNP-TBen, where a gold nanoparticle core was synthesized followed by place-exchange with the ligand of interest. First, pentanethiol-coated AuNPs with core diameter ~2 nm were synthesized using the Brust-Schiffrin two-phase synthesis protocol 3, 4 . Subsequently, Murray place-exchange method 5 was
followed to obtain the benzyl-ligand protected AuNPs. Pentanethiol conjugated AuNPs (10 mg) and compound 6 (27 mg) was dissolved in a mixture of 5 mL dry DCM, and 1 mL methanol and stirred under N 2 atmosphere for 72 hr at room temperature. Then, solvents were removed under reduced pressure and the resulting precipitate was washed with hexane (10 mL) three times and with DCM (10 mL) twice. Then the precipitate was dissolved in distilled water and dialyzed for 72 hr (membrane molecular weight cut-off =10,000) to remove excess ligands, pentanethiol, acetic acid, and other salts present in the nanoparticle solution. After dialysis, the particle was lyophilized to yield a solid brownish product. The particles were then redispersed in deionized water. The presence of ligands on AuNP was also confirmed by mass spectrometry (Supporting Fig. 2 ).
1 H NMR-spectra in D 2 O showed substantial broadening of the proton peaks with no sign of free ligands (Supporting Fig. 4 ). 
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